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infloenge: of elliptical distribution of 

LIFT on strength OF AIRPLANE WINGS. * 
By Col. Dorand. 

Hitherto it has been generally assumed. In oaJoulatlng the 
cell of an alxplsne> that the forces withstood by the latter were 
distributed uniformly throughout the whole length of the wing. 
In reality this is not the oase- and German engineers in partloular 
are now assuming an elllptloal distribution of the forces. 

The latter hypothesis lias made it possible to carry out a 
certain number of calculations which have been verified by experi- 
ment. Consequently we may assume it to be more reasonable than the 
former h3rpothesis. ■ 

Fox the section (Fig. l), located at a distance 

from the center of a wing with a span of 31, the bending mcsoent 
will be M] aooording to the former hypothesis and Mji according 
to the latter. We oan easily oalculate these two moments, if we 
know the total force P withstood by the wing. 

It is interesting' to calculate the ratio and consequently 

■ ' 11^^ which characterizes the exoess strength of an airplane on 

the hypothesis of uniform distribution. This is true, since with 

equality of the moments of inertia, the coefficient of safety is 

inversely proportional to the bending moment. 

* From Premier Oongre's International de la Navigation Aerlenne, 
Paris, November,- 1931, Vol. II, pp. 44-46. 
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1. Under the hypothesis of the unlfczm distiribution, ire heffre- 
■j.c 1.-1 th leferenoe to the equation » ^ independent of the span 



3. Under the hypothesis of the elllptioal distribution, we 
have 3^ as the lift per unit length at the center of the ivlng 
(itf'ig. 3} and y at a point A at a distance x from the center 
Zi> y and y^ ajre combined by the equation of the ellipse 



r\irtkermore* F is equal to half tha area of the ellipse con- 
structed with 7i and I as the half-ajces. We then have 

p ^ 3. 1416 xly, 

. a ^• 

Let us taJce a point A (Fig. 3) . At this point the force 
will be y d X and the moment d of this force with reference 
to Alt located at a distance Xj from the center of the, span, 
■^Till be 

d!t = (x-xi) ydx = (x-Xi)y*^ (l*- x' Wbc. 



The total moment 1^ with reference to A^ will then be 

I 

Ma = / (x - ^ ( l» - x*)"* dJC 
or on putting Zy = ^ 



iHiiii iiiiiiiiiii ■iiimHi iniiiiiiiiiii III mil iiiiiiiii iiiiiiiliiiiiiiiiiiiiiiiin i i iiiihiiiiiiii 



Ma " 

■ 3.1416 



3 Pt r (1 - Z,°) 
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3 3 

3. 1416 z, j 



On deal goat Ing the paxenthetloal texm by 7., we have 



a p 



3. 1416 



X S 



Ma . Ml _ 3.1416 (l - z^) 
The ratio ~ will than he — 

independent of the span and of the total foroe P. 

M, Hi - M- 

If we csaloulate the valiiea of the ratios =7* and ., — * 

Ma *a 

in terms of zj = i^, we have 
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Extreme edge of wing 





If, as we must assume^ the distribution of the forces with- 
stooij. by the wlAigs' approaxihes the elllptloal form« the airplanes 
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osLloulated on the asBumptlon of uniform distribution would not be 
liomogenedus, as shown by the figures of the above table. 

In faot« their exoess streng^hj whioh- is considerable at the 
ends of the wings, would continue to doozease towaxd the oenter of 
the ^an, where this exoess would still be 18^ of the total strength 
At the middle of the half-eqpan the exoess strength would be about 
SQffo. 

The attention of construotors should be directed espeolaJLly to 
the point Just meTition3dj slnoe the foregoing oonsiderations lead 
us to anticipate considerable reductions in the weight of airplane 
wlngSf whioh -nould greatly affect their manner of oonstruotlon. 

The static tests would have to correspond to any new method of 
construction, consequent on the foregoing remarks « with allowance 
for the elliptical distribution. 

Of oourse the h3nE>othasls of the elliptical distribution should 
not be aoc^ted without verifioation, but to follow old erroneous 
methodsj without investigating the possibility of a great improve- 
ment In construction, would be contrary to the idea of progress 
rhlch has always animated us in our work. 

Tremslated by the National Advisory Committee for Aeronautics. 
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Tie,differenoa le that "liereM In the oaae- or -cne *a^3.oo,. , 
Faannan the madhlna was doing these algw 'gUdea -sTlth a loadiug of 
3 lbs. tp the square loot and iihoreaa the .B,Eb were doing It irtth 
a loading of abaat 4 lbs. to th3 cquaro foot, tho Handler Page 
did It at. 8 Iba. to tho aquare foot/ "Hhen'one geta beyond auoh 
wel^t It la poaaible by ellnlnatlng' of jf lolal gadgete to. produoe. 
a naohlne tihldh oamea veiy near parrying a paying ooameroial load 
without the aid of aubaidiea. That la'iihare the real adranoe 
haa been made. (O.G.O. ) 



